Abstract-Analysis of F2, F5 and MTHFR genes SNPs allelic variants in population of Ukraine. Polymor phic variants were analyzed in 172 unrelated individuals using PCR followed by RFLP analysis. Following genotypes have been identified: GG (97%), GA (3%) for F2 gene G20210A SNP, GG (96.5%), GA (3.5%) for F5 gene G1691A SNP and CC (49.5%), CT (43%), TT (7.5%) for MTHFR gene C677T SNP. Following combined genotypes have been detected. We observed 1.7% heterozygous carriers of MTHFR gene 677T SNP which were heterozygous for one of the alleles of F5 1691A or F2 20210A genes. On the other hand, the 7.5% MTHFR gene 677T SNP homozygous individuals carried wild type alleles only of F5 and F2 genes. None of the individuals was carrying F5 1691 A and F2 20210A genes polymorphic variants simultaneously. The data about F2, F5 and MTHFR genes SNPs allelic frequencies in the population of Ukraine have been obtained. Thus, distribution of F2, F5 and MTHFR genotypes based on analysis of SNP in those three genes simulta neously has been detected.
INTRODUCTION
Taking into account the growing interest to the genetic aspects of complex diseases the era of whole genome association studies (WGAS) started in the last decade. Many single nucleotide polymorphisms (SNPs) have been discovered in different genes. Nev ertheless there are contradictory conclusions regard ing their contribution to the pathogenesis of different complex disorders. In different publications the newly described SNPs have been studied in many complex pathological conditions. Methylenetetrahydrofolate reductase (MTHFR) is a key regulatory enzyme involved in folate metabo lism, DNA synthesis and remethylation reactions [1] . Homocysteine is a metabolic product of remethyla tion and trans sulphuration reactions involving methionine [1] [2] [3] [4] . A common polymorphism in the MTHFR gene (C677T) results in a thermolabile phe notype associated with high levels of homocysteine [1] [2] [3] [4] . It has been shown that homozygosity for the C to T substitution at nucleotide 677 of the MTHFR gene is associated with a 30-50% reduction of this enzyme activity and is the most common inherited cause of moderate hyperhomocysteinemia [1, 2] . In the last publications there are evidences that the C677T MTHFR gene variation is a risk factor for ischemic stroke [2], infertility [1], primary closed angle glau coma (PCAG) [3] , presence of anti hepatitis B virus (HBV) antibodies [4] , cytomegalovirus infection 1 The article is published in the original.
(CMV) [4] , Huntington disease [5] , cancer [6] , coro nary artery disease (CAD) [7] , neural tube defects (spina bifida) and venous thrombosis [6, 8, 9] , but the association of the C677T MTHFR gene variation and the risk of primary open angle glaucoma (POAG) is still conflicting [3] .
Factor V gene which encodes coagulation molecule responsible for blood coagulation through activation of protein C (APC) was discovered in 1987. APC is a serine protease with potent anticoagulant properties, which is formed in blood on the endothelium from an inactive precursor [10] . The point mutation of factor V (guanine is replaced by adenine in position 1691) led to the structural change in factor V molecule (F5 Q506, or FV Leiden) that is not properly inacti vated by APC and shifts the balance toward thrombo sis in the clotting cascade [2, [9] [10] [11] [12] [13] [14] [15] and may increase the risk of systemic lupus erythematosus (SLE) [12] , type 2 diabetes [16] , recurrent pregnancy loss (RPL) [17] [18] [19] [20] [21] , stroke [2, 22] , venous thrombosis and myo cardial infraction [2, 22] .
Prothrombin is the precursor of the serine protease thrombin, a key enzyme in the processes of hemostasis and thrombosis, that exhibits procoagulant, anticoag ulant, and antifibrinolytic activities [20, 23, 24] . The G to A transition at nucleotide position 20210, in the 3' untranslated region of factor II (prothrombin) gene (F2) plays a regulatory role in gene expression [11, 20, 23] . It has been shown that F2 gene G20210A SNP is associated with higher plasma prothrombin concen trations and augmented thrombin generation [11, 17, [9, 11, 15, 17, 20] , RPL and ischemic stroke [18] [19] [20] . Several studies argued that F5 G1691A and F2 G20210A were maintained at polymorphic frequen cies among Caucasians, because they conferred an evolutionary advantage of reduced bleeding [25] . The high frequency of 677T allele MTHFR gene suggests that it may be of some benefit to the host. A survival advantage for homozygous fetuses is hypothesized in environment, in which folic acid consumption is ade quate [25] . F5 gene G1691A, F2 gene G20210A and MTHFR gene C677T are three SNPs common among Caucasians. Therefore the study of their frequencies in various populations provides perspectives for both clinical medicine and population genetics.
This study aimed to analyze the F5 gene G1691A, F2 gene G20210A and MTHFR gene C677T alleles distribution in the population of Ukraine.
MATERIAL AND METHODS
The study subjects were recruited between 2007 and 2008. An informed consent was obtained from each participant prior to blood collection and DNA extraction. This study was approved by the Institute of Molecular Biology and Genetics of the National Academy of Sciences of Ukraine Ethical Committee. We studied 172 unrelated individuals (men-85, women-87), having an age range of 25 to 45 years old, who were randomly selected from different regions of Ukraine from the general population.
Venous blood samples were collected into vacu tainer tubes containing EDTA and stored frozen at -70°C until using.
DNA was extracted from the peripheral blood leu kocytes by standard phenol chloroform extraction method [27] and stored at +4°C until being used.
The F5 gene G1691A, F2 gene G20210A alleles were genotyped by multiplex polymerase chain reac tion (PCR) with the use of specific oligonucleotide primers followed by MnlI restriction enzyme digestion as described by Koksal [9] .
The PCR reaction was performed in a final volume of 15 μL containing 1 × PCR buffer, 1.5 mM MgCl 2 , 200 μM of each dNTP, 5 μM of each of the relevant primer (made on an Biosset ASM 800 DNA synthe sizer), 0.2 units of Taq DNA polymerase and 50-200 ng of the DNA template. The cycling conditions on the PCR amplificator for alleles of F5 and F2 genes were as follows: initial denaturation at 95°C for 5 min, 30 cycles consisting of denaturation at 95°C for 30 s, annealing at 60°C for 30 s, extension at 72°C for 30 s and a final elongation step at 72°C for 5 min.
The MTHFR gene C677T allele was genotyped by PCR with the use of specific oligonucleotide primers followed by HinfI restriction enzyme digestion as described by Michael [3] .
The cycling conditions for MTHFR gene C677T allele were as follows: initial denaturation at 95°C for 5 min, 30 cycles consisting of denaturation at 95°C for 30 s, annealing at 66°C for 30 s, extension at 72°C for 30 s and a final elongation step at 72°C for 3 min. Electrophoresis of the PCR products was performed in a 1.8% agarose gel with EtBr followed by visualization under UV. PCR products 169, 221 and 294 bp long correspondently were digested and run on 7% PAGE.
The
Digestion was performed in 15 μL reaction volume containing 1 × reaction buffer, 0.5 units of the restric tion enzyme and 10 μL of purified PCR product, incu bated at 37°C for 3 h or overnight. The digested prod ucts with 100 bp leader were electrophoresed on 7% PAGE gel with EtBr and photographed under UV.
Statistical analysis was performed by χ 2 test, using GENEPOP [28] package.
RESULTS AND DISCUSSION
In wild type alleles MnlI digestion of F5 and F2 genes amplicons yielded fragments of 17, 37 and 115 bp for F5 gene (Fig. 1) , the 17 bp fragment was a result of an invariant MnlI site. For digested F2 gene amplicon 29 and 192 bp fragments were observed (Fig. 1) . In wild type allele HinfI digestion of MTHFR gene amplicons yielded fragment of 294 bp (Fig. 2) .
Digestion of the F5 gene G1691A SNP homozy gote gave fragments of 17 and 152 bp, and the F2 gene G20210A SNP homozygote yielded fragment of 221 bp (Fig. 1) . Digestion of MTHFR gene C677T SNP homozygote yielded fragments of 126 and 168 bp (Fig. 2) . The small 17, 29 and 37 bp fragments have run out from the gel (Fig. 1) . Genotypes and allele fre quencies of the three polymorphisms are presented in Table 1 . Of the 172 analyzed samples from the present study, we have found 5 to have F2 gene 20210A (mutant allele frequency 0.015), 6 to have F5 gene 1691A (mutant allele frequency 0.017) and 87 to have at least one MTHFR gene 677T allele (mutant allele frequency 0.29). The genotype distribution of the three analyzed SNPs is in Hardy Weinberg equilib rium χ 2 = 0.0374, P > 0.05, χ 2 = 0.0542, P > 0.05 and χ 2 = 0.3222, P > 0.05 for F2 G20210A, F5 G1691A and MTHFR C677T genes SNPs correspondently. Expected heterozygosity for the studied loci corre sponded to the observed one. Vol. 44 No. 3 2010 To our knowledge this is the first published data regarding research of F5 gene G1691A SNP, F2 gene G20210A SNP and MTHFR gene C677T SNP com bined genotype distribution in the general population of Ukraine.
The frequency of allelic variants of F2 gene 20210A, F5 gene 1691A and MTHFR gene 677T in our study is in agreement with the published data obtained in other countries (Table 2) . The exception appears to be the Japanese population in which the F5 gene G1691A and F2 gene G20210A were not detected yet [21] . The expected frequency of homozygotes in our study is 0.017% for F2 gene 20210A and 0.026% for F5 gene 1691A. Therefore, the absence of homozy gous individuals in our study is not surprising. From all the 27 possible combinations of F2 2021OA, F5 1691A and MTHFR 677T genes SNPs combined genotypes, we observed only 7 ( Table 3) . None of the individuals was carrying F5 gene 1691A and F2 gene 20210A alle les simultaneously. We observed 3 heterozygous indi viduals for MTHFR gene 677T allele who at the same time carried one of the F5 gene 1691A or F2 gene 20210A alleles. On the other hand, the MTHFR gene 677T allele homozygous individuals carried F5 and F2 genes wild type alleles only. The obtained allelic fre quencies in the current study were in the lower range frame of the world distribution. Obtained results from our study add to the world distribution data concern 
